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© Solid state image pickup device. 



© A solid state image pickup device comprises: a 
transparent support (101): one or more transparent 
substrate chips (102) mounted on the support; one 
or more photoelectric converting elements (103) 
formed on the transparent substrate chips; a fixing 
agent (107) for fixing the transparent substrate chips, 
at the face opposite to the face on which the pho- 
toelectric converting elements are formed, to the 
support at one end thereof; and an anti-reflection 
mold (105) for covering the transparent substrate 
chips on at least the sides thereof, the refractive 
index of the anti-reflection moid being equal to or 
larger than that of the transparent substrate chips. 
Such an arrangement can provide a wide-area type 
Q solid state image pickup device, particularly a soiid 
^ state image pickup device of the in-line type in 
^ which element chips are arranged in a line, which is 
W equal in optical and electrical continuity to a single- 
line solid state image pickup device, and which is of 
Whigh precision, high reliability, easy to use, of low 

!2 costs, and compact in structure. 
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SOLID STATE IMAGE PICKUP DEVICE 



FIELD OF THE INVENTION 

The present invention relates in general to the 
structure or mounting of solid state image pickup 
elements used for reading an image or the like, 
and in particular to the structure or mounting of 
solid state image pickup devices having a plurality 
of such elements arranged in a line. 

Specifically, the present invention relates to a 
method of mounting solid state image pickup ele- 
ments formed by a transparent substrate chip hav- 
ing photoelectric converting elements formed 
therein, which is cut from a transparent substrate 
having photoelectric converting elements formed 
therein. More specifically, the present invention re- 
lates to measures to achieve improvements in ac- 
curacy and reliability of the structure of mounting 
of such devices, and provides an elongated solid 
state image pickup device. 



BACKGROUND OF THE INVENTION 

Prior art solid state image pickup devices of 
the wide area type are exemplified by the following 
three examples: 



Example 1 

Laid-open Japanese Patent Application No. 
86363/1984, for example, shows a staggered ar- 
rangement of a large number of charge-coupled 
device (CCD) chips formed in a single crystal sili- 
con integrated-circuit (IC), which is associated with 
an external electrical circuit which performs com- 
plicated operations including delaying of a signal in 
a manner such that the staggered arrangement 
appears as if it were a straight arrangement. 



Example 2 

Laid-open Japanese Patent Application No. 
12686171986, for example, shows an arrangement 
comprising a row of IC chips or the like, in which 
the photoelectric converting elements located at 
chip ends are largely different in form and structure 
from the other photoelectric converting elements. 



Example 3 

A solid state image pickup device is known, 
which comprises a transparent substrate, typically 



of a glass such as, for example, quartz glass or 
boro-silicate glass, having photoelectric converting 
elements formed thereon. Solid state image pickup 
devices of such type may be classified, according 
s to the manner of incidence of light into the follow- 
ing two categories: 

a) an arrangement in which light 803 enters 
the device at the surface of a substrate 801 on 
which photoelectric converting elements 802 are 

w formed, as shown in Fig. 8; and 

b) an arrangement in which light 901- enters 
the device through the transparent substrate 801, 
as shown in Fig. 9. 

The second arrangement b) is superior in the 

75 following respects. That is, the second arrangement 
b) does not require so severe consideration on the 
optical transparency of the upper surface of the 
photoelectric converting elements, as compared to 
the first arrangement a) which requires the surface 

20 to be sealed by glass, for example, of excellent 
flatness. Its protective coating or protective mold 
may be selected from a" wide variety of known 
coatings or molds, and a highly reliable device can 
be produced. The structure of the photoelectric 

25 converting element may also be selected from a 
wide variety* of known structures. 

For these reasons, the second arrangement b) 
is usually employed, and it is conceivable to em- 
ploy a particular arrangement shown in Fig. 10. A 

30 transparent substrate chip 1004 with photoelectric 
converting elements formed thereon is fixed to a 
transparent support 1001 using a fixing agent 1002, 
the photoelectric converting elements being con- 
nected to a circuit pattern 1010 on a mounting 

35 substrate by means of wires 1003 of aluminum, 
gold, or the like. Incident light passes through the 
transparent support and the transparent substrate 
chip and strikes the photoelectric converting ele- 
ments. Further, a structure 1006 is provided for 

40 preventing the protective mold 1005 from flowing. 
The photoelectric converters and wires are potted 
in the protective mold, which is usually of an or- 
ganic polymeric material. Driver circuits, pream- 
plifier circuits 1007 t or the like are formed on a 

45 printed circuit board and are connected by a con- 
nector 1008. 

With the prior art, however, there are the fol- 
lowing problems. 

In the case of the prior art example 1 , it is easy 

so to arrange the chip connection associated with the 
in-line disposition, in which a plurality of chips are 
arranged in a line, since the chips are disposed in 
a staggered manner. Also, it is not necessary to 
modify the form of structure of the photoelectric 
converting segments in the chip ends. There is, 
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however, a serious problem in that if it has more 
than two spaced rows of photoelectric converting 
segments, it is necessary to rearrange them into a 
single row. Specifically, an additional external de- 
vice is required to perform complicated electrical 
operations including the operation of delaying a 
signal, and such additional device is provided with- 
in the chips, for example. In addition, since the 
imaging segments are spaced in the secondary 
scanning direction, restriction on optical elements 
such as lenses are large. Further, it can have little 
degree of freedom in the start and stop of reading 
and thus its application to facsimile telegraphs is 
limited. Thus, it has a problem in that it is generally 
costly and difficult to utilize. 

In the case of the prior art example 2, in which 
a plurality of IC chips are disposed in a line, the 
pitch between the photoelectric, converting ele- 
ments is made constant by arranging, at chip ends, 
photoelectric converting elements largely different 
in form or structure from the other photoelectric 
converting elements. In this example, the continuity 
at the chip connection ends is not complete. To 
ensure the continuity, special electrical processes 
are required. 

The arrangement of the prior art example 3 has 
the following problems: 

(1) Since light is introduced into the device 
through a transparent substrate having photoelec- 
tric converting elements formed thereon, it is ex- 
pected that the passage of light will be compli- 
cated. Our experiments showed that, in accordance 
with the arrangement, irregular reflection is likely to 
occur, and stray light, for example, will degrade the 
resolution or gradient, limiting the reading speed. 
To avoid this, the following arrangement is also 
thinkable. That is, the transparent substrate chip 

1102 having photoelectric converting elements 

1103 formed thereon is given a structure whose 
cross section is shown in Fig. 11, in which 

s > r tan e 

where 9 is the maximum angle of incidence of 
light, so that stray light from sides 1104, such as 
incident rays of light 1105 or 1106 shown, cannot 
enter the photoelectric converting elements. How- 
ever, if "t" is 1 mm and B -15° , for example, then 
"s" must be larger than 0.26 mm, which means 
that a useless region must be present. 

(2) Since a transparent substrate chip having 
photoelectric converting elements formed thereon 
is fixed on a transparent support, light will pass 
through the transparent support and then enter the 
solid state image pickup device. Therefore, the 
support and the fixing agent must be transparent, 
and various requirements are imposed on their 
optical characteristics, such as refractive index. 
Particularly, in the case of an in-line arrangement 
of transparent substrate chips having a plurality of 



photoelectric converting elements formed thereon, 
the photoelectric converting elements are located 
in the close vicinity of the connection there- 
between, and thus many requirements exist con- 
5 cerning the optical characteristics at the connec- 
tion. 

(3) The transparent substrate chips having the 
photoelectric converting elements formed thereon 
and the transparent support are commonly made of 

to different materials. For example, the transparent 
substrate chips having the photoelectric converting 
elements formed thereon are made of a highly 
heat-resisting quartz substrate, while the support is 
made of a cheap glass, such as soda glass or 

75 boro-silicate glass, since it has a wide surface area. 
Thus, their coefficients of thermal expansion are 
different by about two orders of magnitude, and, 
although they are important parts through which 
light is conducted, separation or breakage is likeiy 

20 to take place therebetween, and the reliability is 
thus very low. In view of such conditions as consid- 
ered together with (2) noted above, it has been 
considered impossible to realize such arrangement. 

(4) It is difficult to mount the elements on the 
25 transparent support, and driver circuits, preamplifier 

circuits, or the like must be prepared separately. 

(5) Suitable structures for preventing the flow of 
the protective mold and manufacturing steps for 
adding such structures are necessitated. 

30 

SUMMARY OF THE INVENTION 

it is therefore an object of the invention to 

35 solve the above-mentioned problems, so as to pro- 
vide a wide-area type solid state image pickup 
device, particularly a solid state image pickup de- 
vice of the in-line type in which element chips are 
arranged in a line, which is equal in optical and 

40 electrical continuity to a single-line solid state im- 
age pickup device, and which is of high precision, 
high reliability, easy to use, of low costs, and 
compact in structure. 

' The solid state image pickup device according 

45 to one aspect of the present invention comprises: a 
transparent support; one or more transparent chips 
mounted on the support; one or more photoelectric 
converting elements formed on the transparent 
substrate chips; a fixing agent for fixing the trans- 

50 parent substrate chips, at the face opposite to the 
face on which the photoelectric converting ele- 
ments are formed, to the support at one end there- 
of; and an anti-reflection mold for covering the 
transparent substrate chips on at least the sides 

55 thereof, the refractive index of the anti-reflection 
mold being equal to or larger than that of the 
transparent substrate chips. 

In one embodiment, the transparent substrate 
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chips are made of quartz glass, and a silicone resin 
having a refractive index equal to or higher than 
1 .465 is used as the anti-reflection mold. 

According to a second aspect of the present 
invention, the solid state image pickup device com- 
prises: a transparent support; two or more transpar- 
ent substrate chips mounted on the support in a 
manner such that a plurality of photoelectric con- 
verting elements formed on the transparent sub- 
strate chips are arranged in a straight line; a fixing 
agent for fixing the transparent substrate chips, at 
the face opposite to the face on which the pho- 
toelectric converting elements are formed, to the 
support at one end thereof; an anti-reflection mold 
for covering the transparent substrate chips on at 
least the sides thereof; and a filler for filling the 
gaps between the opposite faces of the transparent 
substrate chips, the anti-reflection mold and the 
filler having a refractive index equal to or higher 
than that of the transparent substrate chips. 

In an embodiment according to the second 
aspect of the present invention, the filler and the 
anti- reflection mold are of the same material. 

In another embodiment according to the sec- 
ond aspect of the present invention, the filler and 
the fixing agent are of the same material. 

According to a third aspect of the present 
invention, the solid state image pickup device com- 
prises: a support which is a transparent plastic film; 
one or more transparent substrate chips arranged 
on the plastic film; one or more photoelectric con- 
verting elements formed on the transparent sub- 
strate chips; an insulating material substrate having 
holes bored therethrough, the holes being sized to 
match the transparent substrate chips; a fixing 
agent for fixing both of the transparent substrate 
chips, on the face thereof on which the photoelec- 
tric converting elements are not formed, and the 
insulating material substrate, on one face thereof, 
to the plastic film on one face thereof; and a 
reflecting mold for covering the transparent sub- 
strate chips on "at least the sides thereof, the re- 
flecting mold having a refractive index equal to or 
higher than that of the transparent substrate chips. 

In one embodiment, a conductor pattern is 
formed on the face of the insulating material sub- 
strate which is not in contact with the fixing agent, 
the photoelectric converting elements formed on 
the transparent substrate chips being connected 
with the conductor pattern. 

In another embodiment, the fixing agent has a 
refractive index equal to or higher than that of the 
transparent substrate chips. 

In a still another embodiment, the fixing agent 
has a modulus of elasticity which decreases as the 
temperature rises. 

In a further embodiment, the reflecting mold 
comprises one or more organic polymer materials. 



In another embodiment, the organic polymer 

materials have a shore hardness whose value is 
equal to or lower than 20 after being hardened. 

In another embodiment, the organic polymer 
5 materials are reactive polymers. 

in another embodiment, the organic polymer 
materials are silicone materials. 



70 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described, 
by way of example, with reference to the accom- 
panying drawings, in which: 
is Figs. 1a and 1b are a schematic transverse 

section and a plan view, respectively, of an em- 
bodiment of the solid state image pickup device 
according to the present invention; 

Figs. 2a and 2b are a schematic plan view 
20 and a schematic longitudinal sectional view, re- 
spectively of an embodiment of the present inven- 
tion, in which two transparent substrate chips are 
arranged in a straight line; 

Fig. 3 is another longitudinal sectional view 
25 of an embodiment of the present invention, in 
which two transparent substrate chips are arranged 
in a straight line; 

Fig. 4 is a sectional view showing measures 
to prevent stray light from taking place due to the 
30 relation between refractive indices of transparent 
substrate chips and a fixing agent; 

Figs. 5a and 5b are a cross sectional view 
and an overall view, respectively, of an embodi- 
ment of the solid state image pickup device ac- 
35 cording to the present invention; 

Fig. 6 is a graph showing the reliability of 
organic polymer materials as a function of hard- 
ness. 

Fig. 7 is an enlarged partial longitudinal 
40 cross section of an embodiment according to the 
present invention, showing two transparent sub- 
strate chips arranged in a straight line, showing the 
junction between the two chips; 

Figs. 8 and 9 are diagrams showing two 
45 different passages in which light will enter the 
photoelectric converting elements; 

Fig. 10 is a cross section of a prior art solid 
state image pickup device; and 

Fig. 1 1 is a prior art technique for preventing 
so stray light from sides of a transparent substrate 
chip on which photoelectric converting elements 
are formed; 

55 DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 
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First Embodiment 

Figs. 1a and 1b are a schematic transverse 
section and a plan view, respectively, of an em- 
bodiment of the solid state image pickup device 
according to the present invention. A transparent 
support 101 is made of barium boro-silicate glass. 
A transparent substrate chip 102, which is made of 
quartz having a refractive index of 1 .46, is fixed to 
one face of the support using a fixing agent 107 
which is an ultraviolet-hardened acrylic adhesive. 
The transparent substrate chip is covered on the 
sides and top thereof by an anti-reflection mold 
105 which comprises an addition-polymerized sili- 
cone resin having a refractive index of 1.49. The 
transparent substrate chip 102 is electrically con- 
nected with a conductive pattern 110 on transpar- 
ent support 101 by an aluminum wire 109. For 
applying anti-reflection mold 105, a dam 108, 
which is to be its container, is provided on the 
transparent support. 

in the above construction, it is not always nec- 
essary to provide the anti-reflection mold. Without 
the anti-reflection moid, however, most of the light 
rays 106 incident on the sides 104 of the transpar- 
ent substrate chip will be scattered at the interface, 
thereby stray light is generated which will degrade 
the characteristics of the elements, since incident 
light rays are guided to the photoelectric converting 
elements 103 through the transparent support and 
the transparent substrate. Therefore, it is desirable 
to cover the transparent substrate chip at least on 
the sides thereof. 

Here, the principal requirement on the anti- 
reflection mold is concerned with its refractive in- 
dex. Specifically, assuming that the refractive index 
of the transparent substrate having the photoelec- 
tric converting elements formed thereon is n^ and 
the refractive index of the anti-reflection mold is n^, 
there must be the following relation: 
ni£ n2. 

Such relation must be satisfied within the used 
wave length range and within the used temperature 
range, and m and n 2 preferably have as close 
values as possible. Further, if the refractive index 
of fixing agent 107 is represented as n3, the follow- 
ing relation is desirable: n22n3. This is because if 
these relations are broken as shown in Fig. 4, 
incident light 401 passing through transparent sup- 
port 101, which should go straight intrinsically, is 
scattered to cause stray light 402. Consequently, 
such light is liable to enter into photoelektric con- 
verting element 103. The material of the mold may 
be colored, and may contain inorganic fillers, as 
long as the above noted relation holds. To improve 
the reliability in operation of the elements, the 
material should preferably have a function of pro- 
tecting the photoelectric converting elements. 



In accordance with this embodiment, the 
above-noted problem 1 may be easily solved. That 
is, even if the passage of incident light is formed 
by a complicated structure and the cross section of 

5 the transparent substrate carrying the photoelectric 
converting elements is the required minimum val- 
ue, stray light caused by irregular reflection of light 
will hardly take place and thus it is possible to 
avoid significant decrease in the resolution or gra- 

io dient of the photoelectric converting elements. 

Therefore, it is possible to achieve an improve- 
ment in the reading speed of the photoelectric 
converting elements. 

75 

Second Embodiment 

The arrangement of the first embodiment de- 
scribed above may be applied to a solid state 

20 image pickup device which is a second embodi- 
ment of the invention and which comprises two 
transparent substrate chips arranged in a substan- 
tially straight line, the chips having photoelectric 
converting elements formed thereon. The structure 

25 of the second embodiment of the solid state image 
pickup device is shown in Figs. 2a and 2b which 
are a schematic plan view and a schematic longitu- 
dinal cross section, respectively, of the embodi- 
ment. 

30 The transparent substrate chips 202 and 203 

having photoelectric converting elements 205 of 
quartz formed thereon are fixed to a transparent 
support 201 of low alkali glass by means of an 
ultraviolet-hardened urethane-modified acrylic fixing 

35 agent 204. Further, an addition-polymerized sili- 
cone resin having a refractive index of 1 .52 is used 
as the anti-reflection mold 105 to cover the trans- 
parent substrate chips. Further, an ultraviolet-har- 
dened acrylic resin having a refractive index of 

40 1.47 is charged as a filler 206 between the adja- 
cent faces of the two transparent substrate chips 
and is previously hardened before being fixed to 
the transparent support. 108 is a dam as previously 
mentioned. 

45 The particularly important properties of the 

above-mentioned filler are the adhesive strength 
and refractive index. 

As mentioned previously under the numerical 
headings (2) and (3), since in many cases the two 

so transparent substrate chips and the transparent 
support are made of different materials and thus 
have different values of coefficient of linear expan- 
sion, the transparent support may expand and pull 
the transparent substrate chips at high tempera- 

55 tures, causing a large tensile stress at the interface 
206 between the two transparent chips. If the adhe- 
sive strength is small at the interface, then a sepa- 
ration will take place there at high temperatures, 
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which separation will scatter light passing through 
the interface, and thus optical uniformity is broken 
there; for example, part of the elements can per- 
ceive "black" although the "black" should essen- 
tially be perceived as "white". Therefore, the filler 
is required to have an adhesive strength which is 
sufficiently large to well withstand the stress. 

The optical properties of the filler are consid- 
ered here. In some cases, since the interface 706 
between the two transparent substrate chips 703 
lies in the passage of incident light, as shown in 
Fig. 7, the filler is required to have optical prop- 
erties similar to those of the transparent substrate 
chips mentioned in the above description of the 
first embodiment. Thus, assuming that the trans- 
parent substrate chips have a refractive index of ni 
and the filler 702 has a refractive index of na, the 
following relation: 
ni ^ na 

must hold within the ranges of wave length and 
temperature within which they may be used. If the 
refractive index n3 of the filler 702 is smaller than 
refractive index n! of the transparent substrate 
chip, incident light 701 from a copy or the like is 
reflected at interface 706 of the transparent chip 
703 through support member 707 and becomes 
reflected light 705. Then, incident light enters into 
not only A of the photoelectric converting elements 
704, to which the light should reach, but also into 
B. Further, since the interface may be considered 
as an optically discontinuous surface between the 
two transparent substrate chips, niand n 3 should 
preferably have extremely close values and the 
filler should preferably have a transmission factor 
which is close to that of the material of the trans- 
parent substrate chips. The filler and the anti-re- 
flection mold may be of the same material. 

In accordance with this second embodiment, a 
solid state image pickup device having two or more 
transparent substrate chips substantially arranged 
in a straight line can have the same effects as the 
first embodiment. 



Third Embodiment 

In the third embodiment, quartz is used as the 
material of the transparent substrate chips 202, 203 
having photoelectric converting elements 205 
formed thereon, and Neoceram available from 
Nihon Denki Glass Corp. is used as the material of 
the transparent support 201. Also, as shown in Fig. 
3, an ultraviolet-hardened acrylic resin having a 
refractive index of 1.48 is charged as a filler 301 
between the adjacent faces of the two transparent 
substrate chips, and a protruding portion of the 
filler serves,, together with a sticky ultraviolet-har- 
dened urethane-modified acrylic fixing agent 204, 



as an adhesive for fixation to a transparent support 
201. The fixing agent used in this embodiment is 
an adhesive which has a modulus of elasticity 
whose value decreases as the temperature rises; 
s the value is 2 kp/cm 2 (200 kPa) at room tempera- 
tures, and it decreases to one half of such value at 
80 *C. 

One important thing in the embodiment lies in 
the properties of the fixing agent for fixing the 
w transparent substrate chips to the transparent sup- 
port. 

In the foregoing second embodiment, the 
above-mentioned problem (3) is solved by charging 
into the interface a filler having an adhesive 

is strength which is large enough to withstand the 
tensile stress which can take place at the interface. 
In the third embodiment, however, to solve the 
problem (3), the tensile stress which can take place 
at the interface is made as small as possible by 

20 using a fixing agent which has a modulus of elas- 
ticity whose value decreases as the temperature 
rises. 

The fixing agent used in accordance with the 
present invention preferably contains a sticky com- 
25 ponent, such as silicone, which does not contribute 
to the adhering function of the agent and the 
adhesive components of the agent should be ones 
whose hardening will be accelerated by heat to an 
as small degree as possible. 

30 

Fourth Embodiment 

Figs. 5a and 5b are a schematic cross sec- 

35 tional view and a schematic plan view of a solid 
state image pickup device to which the present 
invention is applied. 

A glass-epoxy laminated plate of 1.6 mm in 
thickness was used as an insulating material sub- 

40 strate 501, on which a conductor pattern 502 is 
formed and driver circuits and preamplifier circuits 
are provided. Further, holes 504 are provided 
which are sized such that they can surround a 
transparent substrate chip 503 which is made of 

45 quartz having a refractive index of 1.46 and on 
which photoelectric converting elements are 
formed. A photoelectric converting element 509 is 
formed on the transparent substrate chip 503. A 
polyester (polyethylene terephthalate) film to which 

so a fixing agent 505 comprising a silicone adhesive is 
applied is used as a support 506, two transparent 
substrate chips and the insulating material sub- 
strate being aligned together and fixed on the 
sticky surface of the support. Then, the transparent 

55 substrate chips and the conductor pattern on the 
insulating material substrate are connected by alu- 
minum wires 507 of 35 microns in diameter, and an 
addition-polymerized silicone resin having a refrac- 
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tive index of 1.47 is applied to the surfaces and 
sides of the transparent substrate chips and is 
charged into the wiring region as* an anti-reflection 
mold 508 which has the effects of indication, and 
protection. 

In accordance with the present embodiment, it 
is possible to solve the above-mentioned problem 

(4) that the previously mentioned transparent sub- 
strate chips having holes which can surround the 
transparent substrate chips cannot be mounted on 
the same substrate on which driver circuits and 
preamplifier circuits are provided, and moreover it 
is possible to solve the above-mentioned problem 

(5) that suitable structures for preventing the flow of 
the protective mold and manufacturing steps for 
adding such structures are necessitated. Further, 
since the used materials have similar properties 
with those used in the first, second and third em- 
bodiments, the fourth embodiment includes mea- 
sures to solve the problems (1), (2) and (3). 

Now, the used materials will be described. 

The material of the insulating material substrate 
501 may be either organic or inorganic, but may 
preferably be a BT resin-glass laminated plate 
such as, for example, the one available from Mit- 
subishi Gas Chemical Corp.. From the viewpoint of 
workability for boring, for example, organic sub- 
strates are preferred, while in view of heating pro- 
cesses such as soldering, highly heat-resistant ma- 
terials such as, for example, a giass-epoxy -lami- 
nated plate and a super-engeneering plastics, are 
preferred. A still more compact arrangement can 
be achieved by mounting IC's, resistors, capacitors 
and other circuit components on the substrate sur- 
face. 

The film used as the support 506 may be other 
than the previously mentioned film; for example, a 
polyimide tape with an adhesive available from 
Sumitomo Three M Corp., for example, or a 
polyethersulphon (PES) film having coated thereon 
an epoxy resin adhesive or the ultraviolet-hardened 
acrylic adhesive used as the fixing agent at the 
connection may be used as the film. The PSM film 
should preferably be used together with a fixing 
agent Of course, a glass plate having coated 
thereon an adhesive as a fixing agent may be used 
and fixed. 

The anti-reflection moid 508 may be of a ther- 
mosetting acrylic resin having a refractive index of 
1.51, an ultraviolet-hardened urethane-modified 
acrylic resin having a refractive index of 1 .48, or a 
moisture-hardened silicone resin. 



Fifth Embodiment 

In the fourth embodiment, a BT resin-glass 
laminated plate of 2.0 mm in thickness was used 



as the insulating material substrate, on which a 
conductor pattern was formed and which was 
bored to provide holes therethrough sized to be 
able to surround a transparent quartz substrate 

5 chip having photoelectric converting elements 
formed thereon. Subsequently, an ultraviolet-har- 
dened acrylic adhesive was applied as an fixing 
agent to a support comprising a polyethersulphon 
(PES) film, and the insulating material substrate 

70 and the transparent substrate chips having pho- 
. toelectric converting elements formed thereon were 
positioned relative to one another on the support 
film and fixed thereto. The pattern on the transpar- 
ent substrate chips having photoelectric converting 

ts elements formed thereon was connected with the 
pattern on the insulating material substrate by 
means of aluminum wires, and a silicone gel hav- 
ing a shore hardness of zero was charged as an 
anti-reflection mold. 

20 As mentioned in connection with the fourth 

embodiment, various combinations of materials are 
possible in accordance with present invention. The 
principal materials are the transparent substrate 
chips having photoelectric converting elements 

25 formed thereon, and the insulating material sub- 
strate. 

The quartz glass (transparent substrate chips: 
two chips of more than 100 mm were connected) 
used in the present embodiment has a coefficient 

30 of thermal expansion which is by more than two 
orders of magnitude different from that of the BT 
resin-glass laminated substrate (i.e. insulating ma- 
terial substrate); where the same material is used, 
the present embodiment is not important. In this 

35 arrangement, therefore, when the device js op- 
erated at high temperatures of about 60*C, or 
when the device is left at high temperatures of 
about 80° C, they will exert very large forces on 
one another. Particularly, the aluminum wires con- 

40 necting them will undergo very large bending 
forces and, in the worst case, they will be broken 
to open. To solve such problem, the properties of 
the organic polymer material as the anti-reflection 
mold, in particular the hardness reached after har- 

45 dening, are found to be important. Specifically, the 
hardness after hardening should be equal to or 
tower than shore A 20. In the present embodiment, 
the transparent substrate chips were covered on 
the sides and connected faces thereof by a silicone 

so gel having a hardness of shore A 0 after hardening. 
Here, the filler can have satisfactory reliability and 
performance even if it comprises a single material 
(silicone) instead of the materials used in the sec- 
ond embodiment and having a large adhesive 

55 strength. Also, a polyethersulphon (PES) film coat- 
ed with an epoxy resin adhesive, or a single-liquid 
condensed silicone of a shore hardness A 20 coufd 
be used. 
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The present embodiment has achieved im- 
provements in reliability, particularly in resistance 
to thermal shock, in addition to the effects as 
mentioned in the description of the fourth embodi- 
ment. Fig. 6 shows the relation between the resis- 
tance to thermal shock (expressed by the life cycle 
number from -30 'C to 70 °C) and the shore A 
hardness h for different materials exemplified by a 
silicone resin and an urethane resin. 

Usually, the material used will not be different 
in coefficient of thermal expansion from one an- 
other by a degree which is more extensive than the 
above noted materials, but if the difference is more 
extensive than the above mentioned, then the hard- 
ness should further be decreased. Of course, if the 
overall length is longer than the above noted (250 
mm), then the hardness should also be decreased 
but, not so significant variations were found up to 
350 mm. 

If the optical properties of the connection re- 
gion are the most preferential matters, then an 
ultraviolet hardened acrylic resin, for example, hav- 
ing required optical properties may be used only in 
the connection region. The foregoing may be ap- 
plicable to the arrangement of the first embodiment 
and can of course achieve similarly excellent ef- 
fects. 



Sixth Embodiment 

In a sixth embodiment, materials substantially 
the same as those used in the fifth embodiment 
were used except that a silicone gel which hardens 
at 80 " C was used as the anti-reflection mold. In 
accordance with this embodiment in which the har- 
dening temperature of the organic polymer material 
is limited to a particular value, an extensive im- 
provement in reliability can advantageously be 
achieved for an in-line arrangement of a plurality of 
transparent substrate chips having a plurality of 
photoelectric converting elements formed therein. 
Specifically, it has been found that the device can 
maintain excellent properties in a high-temperature 
shelf test at 60 - 80° C for more than 1,500 hours 
(here, the reliability is estimated at the maximum 
quality assurance condition of 80 ° C required for 
office automation devices such as usual solid state 
image pickup devices). 

The present embodiment may be applicable to 
the arrangement in which a resin is charged into 
the interface between the connected ends of trans- 
parent substrate chips having photoelectric con- 
verting elements formed thereon as well as to other 
arrangements. However, it has been found that the 
present embodiment is particularly useful when ap- 
plied to the charging arrangement. Specifically, as 
to the hardening, the present invention is character- 
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ized in that the atmosphere is heated at tempera- 
tures equal to or higher than 40° C during irradia- 
tion of ultraviolet, and that a reactive polymer ma- 
terial is used as the organic polymer material. It is 

s the best to use at temperatures within the range of 
from 50 to 85 * C. In the case of ultraviolet-har- 
dened urethane-modified acrylic resins which can 
also be hardened by heating, it has been found 
that irradiation of ultraviolet in an atmosphere of 

w temperatures equal to or higher than 40 * C (50 - 
80 *C) followed by a heating operation at a re- 
quired temperature for a required length of time will 
provide satisfactory hardening. A moisture-harden- 
ed condensed silicone is preferably hardened in an 

75 atmosphere at temperatures equal to or higher than 
40* C, such as, for example, at 55° C, 90%. Ther- 
mally hardened materials, such as, for example, a 
thermosetting addition-polymerized silicone resin or 
thermosetting acrylic resin, essentially require tem- 

20 peratures equal to or higher than 90 * C for har- 
dening; however, in accordance with the invention, 
they may also be hardened either by (1) causing a 
hardening process to advance, at temperatures of 
from 50 to 85 * C at which hardening begins to take 

25 place, and for a long time (a time longer than the 
time which is required for hardening at tempera- 
tures equal to or higher than 90° C), or by (2) 
heating to a higher temperature essentially required 
for .hardening after a temporary hardening in a 

30 similar atmosphere (50 - 85 ° C). Either process is 
applicable. Such hardening process will provide a 
satisfactory result for an 80 * C-hardening reactive 
resin. 

Even in the case of the fifth embodiment, for 
35 example, at high temperatures of from 60 to 80* C 
large tensile stresses will take place at the connec- 
tion between the transparent substrate chips having 
photoelectric converting elements formed thereon. 
To allow the connection to withstand the stresses, 
40 (1) the hardening atmosphere is maintained at high 
temperatures so that the stresses appearing in the 
connection between the transparent substrate chips 
carrying the photoelectric converting elements will 
be compressive stresses at ordinary temperatures, 
45 and (2) an organic polymer material is used as the 
reactive polymer material. These measures make 
stable the connection between the transparent sub- 
strate chips carrying the photoelectric converting 
elements. 

so The foregoing ideas may also be applicable to 

the second embodiment. That is, a hardening pro- 
cess at temperatures equal to or higher than 40* C, 
particularly from 50 to 85 * C, may be carried out in 
a manner as described above in order to harden 

55 the organic polymer or the agent (particularly those 
designated by reference numerals 204 and 205 in 
Fig. 2). Then, the organic polymer is reactive, and 
posess an additional function of fixing the connec- 

8 
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tion between the transparent substrate chips carry- 
ing the photoelectric converting elements. 

Claims 

1. A solid state image pickup device, compris- 
ing: 

a transparent support; one or more transparent 
chips mounted on the support; one or more pho- 
toelectric converting elements formed on the trans- 
parent substrate chips; a fixing agent for fixing the 
transparent substrate chips, at the face opposite to 
the face on which the photoelectric converting ele- 
ments are formed, to the support at one end there- 
of; and an anti-reflection mold for covering the 
transparent substrate chips on at least the sides 
thereof, the refractive index of the anti-reflection 
mold being equal to or larger than that of the 
transparent substrate chips. 

2. The device as claimed in claim 1, in which 
the transparent substrate chips are made of quartz 
glass, and a silicone resin having a refractive index 
equal to or higher than 1.465 is used as the anti- 
reflection mold. 

3. A solid state image pickup device, compris- 
ing: 

a transparent support; two or more transparent 
substrate chips mounted on the support in a man- 
ner such that a plurality of photoelectric converting 
elements formed on the transparent substrate chips 
are arranged in a straight line; a fixing agent for 
fixing the transparent substrate chips, at the face 
opposite to the face on which the photoelectric 
converting elements are formed, to the support at 
one end thereof; an anti-reflection mold for cover- 
ing the transparent substrate chips on at least the 
sides thereof; and a filler for filling the gaps be- 
tween the opposite faces of the transparent sub- 
strate chips, the anti-reflection mold and the filler 
having a refractive index equal to or higher than 
that of the transparent substrate chips. 

4. The device as claimed in claim 3, in which 
the filler and the anti-reflection mold are of the 
same material. 

5. The device as claimed in claim 3, in which 
the filler and the fixing agent are of the same 
material. 

6. A solid state image pickup device, compris- 
ing: 

a support which is a transparent plastic film; one or 
more transparent substrate chips arranged on the 
plastic film; one or more photoelectric converting 
elements formed on the transparent substrate 
chips; an insulating material substrate having holes 
bored therethrough, the holes being sized to match 
the transparent substrate chips; a fixing agent for 
fixing both of the transparent substrate chips, on 



the face thereof on which the photoelectric convert- 
ing elements are not formed, and the insulating 
material substrate, on one face thereof, to the plas- 
tic film on one face thereof; and a reflecting mold 

5 for covering the transparent substrate chips on at 
least the sides thereof, the reflecting mold having a 
refractive index equal to or higher than that of the 
transparent substrate chips. 

7. The device as claimed in claim 6, in which a 

10 conductor pattern is formed on the face of the 
insulating material substrate which is not in contact 
with the fixing agent, the photoelectric converting 
elements formed on the transparent substrate chips 
being connected with the conductor pattern. 

rs 8. The device as claimed in any of claims 1, 3 

or 6, in which the fixing agent has a refractive 
index equal to or higher than that of the transparent 
substrate chips. 

9. The device as claimed in any of claims 1 , 3 
20 or 6, in which the fixing agent has a modulus of 

elasticity which decreases as the temperature 
rises. 

10. The device as claimed in any of claims 1, 3 
or 6, in which the reflecting mold comprises one or 

25 more organic polymer materials. 

1 1 . The device as claimed in claim 10, in which 
the organic polymer materials have a shore hard- 
ness whose value is equal to or lower than 20 after 
being hardened. 

30 12. The device as claimed in claim 10, in which 

the organic polymer materials are reactive poly- 
mers. 

13. The device as claimed in claim 10, in which 
the organic polymer materials are silicone materi- 
35 als. 
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© A solid state image pickup device comprises: a 
transparent support (101); one or more transparent 
substrate chips (102) mounted on the support; one 
or more photoelectric converting elements (103) 
formed on the transparent substrate chips; a fixing 
agent (107) for fixing the transparent substrate chips, 
at the face opposite to the face on which the pho- 
toelectric converting elements are formed, to the 
support at one end thereof; and an anti-reflection 
moid (105) for covering the transparent substrate 
chips on at least the sides thereof, the refractive 
index of the anti-reflection mold being equal to or 
larger than that of the transparent substrate chips. 
Such an arrangement can provide a wide-area type 
solid state image pickup device, particularly a solid 
state image pickup device of the in-line type in 
which element chips are arranged in a line, which is 
equal in opticai and electrical continuity to a single- 
line solid state image pickup device, and which is of 
high precision, high reliability, easy to use, of low 
costs, and compact in structure. 
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